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Introduction
A. W. Phillips's groundbreaking paper was published fifty-five years ago. Now, we are proposing a new graphical model to visualize its great contribution to economics. Therefore, the main inspiration for this paper is based on transforming the original Phillips curve into a multidimensional graphical format that will provide greater understanding about the relationship between unemployment and the rate of change of money wage rates from a multidimensional perspective. Therefore, this paper aspires to compare graphically how the Phillips curve behaves from two-dimensional and multi-dimensional perspectives. Our main objective is to propose an alternative multidimensional graphical framework that can enhance our understanding of the complex and dynamic relationship between unemployment and the rate of change of money wage rates within the same graphical space at different periods of time. This paper is divided into six sections: (i) the evolution of graphical methods in economics; (ii) how multidimensional coordinate spaces work; (iii) the transformation of the Phillips curve into a multidimensional graphical form; (iv) an introduction to the mega-dynamic disks multivariable random coordinate space in the vertical position; (v) the construction of the Phillips curve in a multidimensional graphical form; and (vi) observations about the difference between the two-dimensional and multidimensional graphical models in the visualization of the Phillips curve.
The Evolution of Graphical Methods in Economics
Previous research shows a strong link between the introduction of graphical methods in economics and the development of theories, methods and techniques in statistics and mathematics. In the 18 th century, for example, several new graphical methods were developed as a result of contemporary advances in mathematics and statistics research. These graphical methods include line graphs of time series data, curve-fitting and interpolation, measurement of error as a deviation from a graphed line, graphical analysis of periodic variation, statistical mapping , bar charts and printed coordinate chapters (Cohn, Cohn, Balch, & Bradley, 2004) . Playfair (2005) introduced the application of graphical methods in economic analysis. Playfair constructed a wonderful collection of graphs at the end of the 18 th century, which placed him far ahead of other economists at the time in terms of visualizing economic data.
The development of graphical methods in economics can be classified into two distinct phases. The first phase is the basic graphical method, which features histograms and scatter-plots. All of these types of graphs are based on the visualization of a single variable (Y) through time (X) in the first quadrant in the twodimensional Cartesian coordinate system (see Figure   1 ). The main objective of the basic graphical method in economics is to study the behavior of a single economic variable (e.g., exports, unemployment, inflation rate, etc.) within a time frame based on a time series.
In fact, Playfair may be considered the pioneer of the Additionally, the uses of the complex graphical method are based on the two and three-dimensional Cartesian plane, introduced in 1637 by Descartes (Wise, 2011) , who made substantial contributions to economics. The two and three-dimensional coordinate spaces opened a new era in economic theory by enabling analysis of a complex and dynamic economic phenomenon based on the relationship between two or three variables.
However, it is necessary also to mention the major contribution of Cournot (Mirowski, 1991) . Cournot derived the first formula for the rule of supply and demand as a function of price in a two-dimensional view. He was also the first economist to draw supply and demand curves from a graphical view. In addition to Cournot and Jevons, other innovative economists that contributed to the analytical graph system in economics over time include Walras (in the field of general equilibrium) and Marshall (in the field of partial equilibrium) (Boland, 1981) . In the 20th century, economists' use and application of the complex graphical method was often based on sophisticated graphical techniques introduced during the development of new economic modelling. In particular, economists started to deploy advanced geometry in constructing their graphs. In addition, two-and three-dimensional Cartesian coordinate systems were also a part of complex economics research (Cohn, Cohn, Balch, & Bradley, 2001 • The application of two-dimensional coordinate space in the economic graphical analysis has become a tradition.
• Two-dimensional space is easy to use to visualize basic trends or values in the same graphical space.
• It is difficult to find alternative and suitable multidimensional graphical models to transform two- Phillips, 1958) , it was not possible to capture a structure beyond two-dimensional analysis.
However, the analysis of economics must move in tandem with the advancement of computers and technology. Thus, our primary argument is that a new analytical and visual tool has been created; our development of the Phillips curve is merely the beginning of new and powerful visuals to present economic phenomena to society. Just as the DNA double helix is now immediately recognized as the representation of a biological code, many economic structures, connectivity and imagery can be given a new lease on life through highly impactful images that capture an otherwise lengthy discussion. While both academic arguments and theoretical frontiers remain necessary, new graphics and visuals will convincingly harness ideas in neat and concise representations, thus furthering our objectives as economists to translate concepts to policies.
Transformation of the Phillips Curve into a Multidimensional Graphical Form

Hypothesis of A. W. Phillips (1958)
A. W. Phillips' original hypothesis is based on the argument that the demand for any good or service is high relative to its supply if we expect the price to rise. According to Phillips (1958) , if the demand is low relative to the supply of goods and services, we expect the price to fall so that it can generate a deficiency of demand. Finally, the dramatic fall of demand in goods and services can directly affect the change of wage rates. In our case, we can make reference to the labor price. According to Phillips (1958) , if the demand for labor is high, then unemployment is low and vice versa. Hence, fast growth in wages attracts more qualified human capital to firms and industries.
Finally, Phillips assumes that the relationship between unemployment and the rate of change of wage rates is highly non-linear (Apergis, 2013) .
The second argument is that the rate of change of wage rates is directly related to the demand for labor and unemployment. In fact, the business environment (whether a booming economy or an economic crisis) plays an important role in determining labor demand; if it improves, then logically, unemployment shrinks and vice versa. Therefore, any economic crisis leads to a weaker position to push for higher wage rates. At the same time, the average unemployment rate is always directly affected by the labor demand (Carrasco & Ferreiro 2011; Josifidis, Beker Pucar, Srdić, & Ivan, 2014) .
The third argument is that the rate of change of wages is directly connected to the changes of retail prices and the cost of living that is reflected in wage rates. According to Phillips (1958) , "The cost of living adjustments will have little or no effect on the rate of change of money wage rates except at times when retail prices are forced up by a very rapid rise in import prices. " However, the third argument also mentions that productivity has a strong direct relationship with aggregate demand and unemployment.
Additionally, the third argument is concerned about productivity and aggregate demand having a strong relationship that directly affects unemployment. Phillips presents illustrative examples using simple arithmetic to study the cause and effect of a series of variables such as productivity, aggregate demand, unemployment, import process and retail prices. Phillips' main contribution is based on calculating the rate of change of factor costs minus the rate of change of productivity. Finally, Phillips (1958) said that, "The introduction of cost of living adjustments in wage rates will have no effect, for employers will merely be giving under the name of cost of living adjustments part of the wage increases which they would in any case have given as a result of their competitive bidding for labor. " This hypothesis is based on statistical evidence that the rate of change of wage rates in the UK can be explained by the rate of change of unemployment for three periods of analysis, namely 1861-1913, 1913-1948 and 1948-1957 . In addition, Phillips includes in his analysis the average price of imports to demonstrate his hypothesis.
Phillips' paper presents (1958) a total of eleven fig-
ures based on the use of two-dimensional scatter diagrams to represent the relationship between average unemployment rate (X-axis) and average rate of change of wage rates (Y-axis). The calculation of the average rate of change of wage rates is based on the application of Brown and Hopkins (Pencavel, 2011) . In summary, this index uses simple growth rates between two periods (past year and present year). Hence, Phillips' paper (1958) 
log (y + a) = c log bx
According to Phillips (1958) , the rate of change of The income gap is equal to:
We assume that everything produced is consumed in this model.
Finally, the New Keynesian Phillips Curve (NKPC) is represented in equation 13. Therefore, the next section tries to propose a new multidimensional graphical modeling that it is based on mega-dynamic disks multivariable random coordinate space in vertical position.
Mega-Dynamic Disks Multivariable Random Coordinate Space in Vertical Position
This paper proposes a unique multidimensional coor- 
The Transformation of the Phillips Curve into a Multidimensional Visualization
We intend to observe the non-linear behavior between unemployment and the rate of change of wage rates from two-dimensional and multidimensional perspectives. The analysis of the relationship between unemployment and the rate of change of wage rates is observed in Figure 4 , which clearly shows the non-linear relationship between these two variables. In the case of the multidimensional graphical form of the Phillips curve, the non-linear behavior is clear through a descendent spiral curve that is displayed in the megadynamic disks multivariable random coordinate space in vertical position (see Figure 5 ). We can visualize its entirety from a multidimensional graphical space and time and note that the behavior of unemployment in relation to the rate of change of wage rates is non-linear. Before we start the construction of the a simple scatter diagram that shows a large amount of data (points) spread between the first and fourth quadrant in the two-dimensional Cartesian plane. In fact, the large amounts of points represent different groups of coordinates reflecting the relationship between unemployment rates and wage rates. According to Phillips (1958) , "Each dot in the diagrams represents a year, the average rate of change of money wage rates during the year being given by the scale on the vertical axis and the average unemployment during the year by the scale on the horizontal axis. " Moreover, in Figure 5 , we also observe a curve that is based on a logarithmic equation in Phillips' paper (1958, p. 290) . Phillips tries to show graphically the relationship between the average rate of change of money wage rates during the year represented by the scale on the vertical axis (Y-axis or endogenous variable) and the average unemployment rate during the year represented on the horizontal axis (X-axis or exogenous variable). The unemployment rates can only be positive average rates. Hence, the unemployment average rates restriction is equal to U = {x|x: 0 ≥ x ≤ R + }. The average rate of change of money wage rates has both positive and negative values. Therefore, the average rate of change of money wage rates restriction is equal to W = {x|x: R -≤ x ≥ R + }. In Figure 5 , we observe that Phillips plots 52 results showing the relationship between the average rate of change of money wage rates Figures 8, 9, 10, 11, 12, 13, 14, 15, 16 and Adapted from "The relation between unemployment and the rate of change of money wage rates in the United Kingdom, 1861 -1957 ", by Philips (1958 in Economica, 25(100), 283-299.
Observations about the Difference between the Two-Dimensional and Multidimensional Graphical Models in the Visualization of the Phillips Curve
Two-Dimensional Perspective
Multidimensional Perspective
Figure 8 1861-1913
Source: Adapted from "The relation between unemployment and the rate of change of money wage rates in the United Kingdom, 1861 -1957 ", by Philips (1958 Figure 9 . 1868-1879 Source: Adapted from "The relation between unemployment and the rate of change of money wage rates in the United Kingdom, 1861 -1957 ", by Philips (1958 in Economica, 25(100), 283-299.
Two-Dimensional Perspective
Multidimensional Perspective
Figure 9 1868-1879
Source: Adapted from "The relation between unemployment and the rate of change of money wage rates in the United Kingdom, 1861 -1957 ", by Philips (1958 
Two-Dimensional Perspective
Multidimensional Perspective
Figure 10 1879-1886 Source: Adapted from "The relation between unemployment and the rate of change of money wage rates in the United Kingdom, 1861 -1957 ", by Philips (1958 
Two-Dimensional Perspective
Multidimensional Perspective
Figure 13 [1904] [1905] [1906] [1907] [1908] [1909] Source: Adapted from "The relation between unemployment and the rate of change of money wage rates in the United Kingdom, 1861 -1957 ", by Philips (1958 
Two-Dimensional Perspective
Multidimensional Perspective
Figure 15 Source: Adapted from "The relation between unemployment and the rate of change of money wage rates in the United Kingdom, 1861 -1957 ", by Philips (1958 [1948] [1949] [1950] [1951] [1952] [1953] [1954] [1955] [1956] [1957] Source: Adapted from "The relation between unemployment and the rate of change of money wage rates in the United Kingdom, 1861 -1957 ", by Philips (1958 in Economica, 25(100), 283-299.
Two-Dimensional Perspective
Multidimensional Perspective
Figure 16 [1948] [1949] [1950] [1951] [1952] [1953] [1954] [1955] [1956] [1957] Source: Adapted from "The relation between unemployment and the rate of change of money wage rates in the United Kingdom, 1861 -1957 ", by Philips (1958 graphical form with a logical trajectory showing the tendency of the rate of change of money wage rates to be high when unemployment is low and to be low or negative when unemployment is high. Figure 15 confirms Phillips' proposition (1958) that "The clear tendency for the rate of change of money wage rates at any given level of unemployment to be above the average for that level of unemployment when unemployment is decreasing during the upswing of a trade cycle and to be below the average for that level of unemployment when unemployment is increasing during the downswing of a trade cycle. " According to Phillips(1958) , the results shown in Figure 8 are obtained given the typical relation between the rate of change of wage rates and the level and rate of change of unemployment. In fact, as Phillips (1958) 
Conclusion
We can confirm that A. W. Phillips' research (1958) shows a strong relationship between unemployment and wage rates. Phillips' major contribution is the innovative graphical framework and the application of basic statistics to build a fitted curve for different periods of time. He also plots different points around the curve to fit and interconnect these coordinates with straight lines. At first glance, each figure looks chaotic and non-logical, lacking interconnectivity among these coordinates. According to Phillips (1958) , "Each dot in the diagrams represents a year, the average rate of change of money wage rates during the year being given by the scale on the vertical axis and the average unemployment during the year by the scale on the horizontal axis. " This paper captures multidimensional graphical modeling based on the mega-dynamic disks multivariable random coordinate space in vertical position that we proposed. We clearly observe the relationship between unemployment and wage rates in a logical and systematic order. Hence, we demonstrate how a non-linear, spiral-shape graphical representation construction can be plotted from the top to the bottom of the mega-dynamic disks multivariable random coordinate space in vertical position. From a multidimensional perspective, the Phillips curve is displayed and follows a consistent behavior to prove that there is a strong relationship between unemployment and wage rates. We affirm A. W. Phillips' great contribution in economics, but as his graphical modeling was restricted to a two-dimensional approach, it was unable to explore more than a basic relationship between unemployment and the rate of change of money wage. We conclude that A. W. Phillips left a great legacy; his huge contribution to economics still persists today.
